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C
ystoscopic examination is one of the most common office procedures in urologic practice. In female patients, cystoscopy is generally associated with mild discomfort, and the need for intra-urethral anesthesia does not usually arise (the procedure is performed with a plain lubricating gel). Moreover, because of the short female urethra, the efficacy of intra-urethral anesthesia by numerous means of topical application is limited and difficult to standardize. In contrast, men may experience more discomfort during cystoscopy due to longer urethra. Historically, a lubricating gel with 2% lidocaine used as an intra-urethral anesthetic has been a standard of care in men undergoing rigid cystoscopy; however, with introduction of the flexible cystoscope, the need for intra-urethral anesthesia in men has been questioned (Birch et al., 1994) .
Randomized trials of the 2% lidocaine versus plain lubricating gel in men undergoing flexible cystoscopy report mixed findings (Birch et al., 1994; Chen et al., 2005; Choong et al., 1997; Holmes, Stewart, & Rice, 2001; McFarlane, Denstedt, Ganapathy, & Razvi, 2001; Palit et al., 2003; Rodriguez-Rubio, Sanz, Garrido, Sáinchez, & Estudillo, 2004) . While some studies report significantly less pain in the lidocaine arm relative to the plain gel (Choong et al., 1997 , Holmes et al., 2001 , others found no significant differences in pain perception in the two groups (Birch et al., 1994; Chen et al., 2005; McFarlane et al., 2001; Palit et al., 2003; Rodriguez-Rubio et al., 2004) . A meta-analysis of these trials did not find a statistically significant difference in mean pain scores between the lidocaine and the plain lubricating gel group, although the point estimate favored lidocaine (a difference of -4.6 points on a scale of 0 to 100, 95% CI: -9.6 to 0.4) (Patel, Jones, & Babineau, 2008) . This meta-analysis also revealed strong evidence of statistical heterogeneity, indicating that variability in results reported from different trials was greater than expected under the assumption that these trials estimated the same treatment effect. However, specific aspects of the study design responsible for this variability could not be identified.
Interestingly, another group of investigators (Aaronson et al., 2009) repeated the meta-analysis using pain perception as a binary rather than a continuous variable with a threshold of less than 30 points on a scale of 0 to 100 or less than 3 points on a scale of 0 to 10 as a definition of "less than moderate" pain. Only four trials were included in this metaanalysis because data necessary for analysis of the pain scores as binary outcomes were not available from the other trials (Aaronson et al., 2009) . In this second meta-analysis, lidocaine was associated with higher probability of experiencing less than moderate pain compared with the plain lubricating gel (odds ratio 1.7, 95% CI 1.1 to 2.8) (Aaronson et al., 2009 ). Both meta-analyses included only trials with a parallel group design (Aaronson et al., 2009; Patel et al., 2008) . Not included in the meta-analyses was a cross-over trial of 2% lidocaine versus plain lubricating gel in men undergoing flexible cystoscopy (Chitale, Hirani, Swift, & Ho, 2008) ; pain perception did not differ significantly between the two groups.
Given conflicting evidence from randomized trials and lack of definitive practice guidelines regarding use of intra-urethral anesthesia in men undergoing flexible cystoscopy, we decided to examine this question in our own clinical practice. The primary objective of the current study was to determine whether intra-urethral lubricating gel containing 2% lidocaine results in lower average pain scores compared with the plain lubricating gel in men undergoing flexible cystoscopy. In exploratory analyses, we also aimed to determine whether the effect of the lidocaine gel (relative to plain lubricating gel) on pain scores differs in magnitude according to age.
Methods
Study subjects were recruited from the Urology Outpatient Clinic at the University of Rochester Medical Center between March 2009 and February 2011. All adult males age 18 years and older scheduled for outpatient flexible cystoscopy were eligible for participation, with the exception of patients using sedatives or regular analgesics and those with history of hypersensitivity to an esthetic agents, spinal cord in jury, or urethral disease. Follow ing informed consent, the study subjects were randomly assigned to receive either a 2% lidocaine gel (10 cc) or a plain lubricating gel administered with a 10 cc syringe. Experienced urologists performed the cystoscopy by using the 15.5 French Olympus flexible digital cystoscope. Immediately following the cystoscopy, each subject was asked by a nurse to rate how painful the procedure was on a visual pain scale from 0 (no pain) to 10 (agonizing pain). This approach to pain assessment was previously found to be valid and reliable in various settings, including chronic pain and pain resulting from a specific procedure (Farrar, Young, LaMoreaux, Werth, & Poole, 2001; Jensen & Karoly, 2001; Price, McGrath, Rafii, & Buckingham, 1983 ). In the current trial, all subjects, as well as urologists performing cystoscopy and nurses documenting the pain scores, were blinded to treatment assignment (i.e., they did not know whether pre-cystoscopy preparation contained the lidocaine gel or the plain lubricating gel). The Research Subjects Review Board at the University of Rochester approved this study.
Statistical Methods
The primary independent variable of interest in the current study was the randomly assigned treatment group (plain lubricating gel versus lidocaine gel). A randomly assigned list was generated by www. random ization. com for using either lidocaine gel or lubricant gel. Each subject had an equal probability of assign-
Research Summary

Objective
To determine whether intra-urethral lubricating gel containing 2% lidocaine results in lower average pain scores compared with plain lubricating gel in men undergoing flexible cystoscopy.
Methods
Study subjects were recruited from the Urology Outpatient Clinic at the University of Rochester Medical Center and randomly assigned to receive either 10 cc of 2% lidocaine gel (n = 26) or a plain lubricating gel administered with a 10 cc syringe (n = 24). Immediately following cystoscopy, each subject was asked by a nurse to rate how painful the procedure was on a visual pain scale from 0 (no pain) to 10 (agonizing pain). Subjects, urologists, and nurses were blinded to treatment assignment. For the primary analysis, treatment effect was expressed as the difference of mean pain scores between the two groups. The null hypothesis of no treatment effect was tested with the t-test. In secondary analyses, the difference in median pain scores between the two groups was estimated using a quantile regression model.
Results
Mean pain scores were 3.38 in the plain gel group and 2.04 in the lidocaine group, a difference of 1.34 points (95% CI: 0.63 to 2.04; p < 0.001). Median pain scores were 4.0 in the plain gel group and 2.0 in the lidocaine group, a difference of 2.0 points (95% CI: 0.94 to 3.06; p < 0.001).
Conclusions
Compared with the plain lubricating gel, use of 2% lidocaine gel resulted in significantly less pain in men undergoing flexible cystoscopy. (Polit & Beck, 2012) ment to either group. The primary outcome variable was defined as the pain score assessed by the patient. Another variable included in the analysis was the subject's age at the time of cystoscopy. Data were also collected on 1) prep time, defined as the length of time between instillation of the gel and insertion of the cystoscope; 2) history of prior cystoscopic examinations (at least one prior cystoscopy vs. none); and 3) diagnosis of bladder tumor(s) on cystsoscopy.
Level of Evidence -IIa
For the primary analysis, the treatment effect was expressed as the difference of mean pain scores between the two groups. Asymptotic confidence intervals for the difference of means were constructed using the standard approach (i.e., with variance of the mean difference estimated as the sum of the estimated variances of the means in each group) (Rosner, 2006) . The null hypothesis of no difference in mean pain scores between the two groups was tested with the t-test (Rosner, 2006) . In secondary analyses, the difference in median pain scores between the two groups was estimated using linear quantile regression model (SAS Institute, 2008) . The frequency distributions of pain scores were examined in each group and compared using the Wilcoxon rank sum (MannWhitney U) test (Desu & Raghavarao, 2004) .
In exploratory analyses, we also investigated whether the effect of assigned treatment on mean and median pain scores varied significantly according to age. Age was grouped in two categories: 1) less than the median age (75 years old) or 2) median age or above. To test for treatment-by-age interaction (i.e., whether the treatment effect differed in magnitude between the two age strata), treatment, age, and their product terms were included in the corresponding linear regression models. Ordinary least squares model with robust variance estimator was used in the analysis of interaction based on means and quantile regression was used in the analysis of interaction based on medians (Long & Ervin, 2000; SAS Institute, 2008) . All analyses were performed in SAS version 9.2. All reported p-values are two-sided.
Sample Size
According to the study protocol, the target sample size for both groups combined was 80 patients. This sample size was considered to be both feasible in terms of accrual and adequate in terms of power for detection of clinically significant differences in average pain scores. However, accrual for the current study was stopped after 50 subjects were enrolled. This decision was based on clinical observation of consistently lower pain scores in the lidocaine group compared with the plain lubricating gel group.
Results
Between March 2009 and February 2011, a total of 50 men were enrolled in the study. Almost all study subjects (N = 49) were Caucasian. A total of 24 subjects were randomized to receive plain lubricating gel, and 26 were randomized to receive the lidocaine gel. All treatments were administered as assigned (i.e., there was no non-compliance with assigned intervention). Pain scores were documented on all 50 subjects. Subjects' characteristics at the time of cystoscopy are shown in Table 1 . There were no missing values on any of the variables in Table 1 , with the exception of prep time, which was missing for one subject. This subject was excluded from calculation of the average prep time in Table 1 but was included in all other analyses.
Analyses of pain scores according to assigned groups are summarized in Tables 2 and 3 . Among men assigned to plain lubricating gel, reported pain scores ranged from 1 to 5.5, with a mean of 3.38, a median of 4, and a mode (the most commonly reported score) of 4. Among men assigned to lidocaine, reported pain scores ranged from 0 to 4, with a mean of 2.04, a median of 2, and a mode of 2. The differences in the distribution of pain scores between the two groups were highly significant statistically (all p < 0.001), indicating the use of the 2% lidocaine gel resulted in significantly less pain during cystoscopy than the use of the plain lubricating gel. The exploratory analyses of the treatment-by-age interaction (i.e., possible dependence of treatment effect on age) are summarized in Table 4 . The estimated effect of treatment on mean pain scores was 1.19 for men younger than 75 years of age and 1.40 for men 75 years of age and older (see Table 4 ). The difference between the two estimates (1.19 vs. 1.40) was not statistically significant (interaction p = 0.75). Similarly, the estimated effect of treatment on median pain scores was 1.0 for men younger than 75 years of age and 2.0 for men 75 years of age and older. The difference between the two estimates (1.0 vs. 2.0) was not statistically significant (interaction p = 0.24).
Discussion
The purpose of this study was to determine whether intraurethral lubricating gel containing 2% lidocaine resulted in lower average pain scores compared with the plain lubricating gel in men undergoing flexible cystoscopy. We found that men randomized to receive the lidocaine gel on average reported lower pain scores than men randomized to receive the plain lubricating gel. This treatment effect did not seem to vary in magnitude according to age.
For comparison with our findings, main results from the previous randomized trials of the 2% lidocaine gel versus plain lubricating gel in men undergoing flexible cystsocsopy are summarized in Table 5 . Studies by Palit et al. (2003) , Birch et al. (1994) , and Choong et al. (1997) used a scale of 0 to 100 for pain assessment; while all other studies in Table 5 used a scale of 0 to 10. To simplify interpretation, all mean pain scores in Table 5 were expressed on a scale of 0 to 10 (e.g., a mean score of 35 on a scale of 0 to 100 would be reported as 3.5 on a scale of 0 to 10). Three comparisons in Table 5 (including our current study) showed lower average pain scores in the lidocaine group relative to control with very small p-values, while the other comparisons did not reveal significant differences in pain perception between the groups. The reasons for this disagreement are not clear. In particular, gel volume and the length of time from instillation to cystoscopy do not seem to explain this variation. Because the two previously reported "statistically significant" studies in Table 5 used 20 mL of the lidocaine gel applied for 10 minutes (Holmes et al., 2001) or 25 minutes (Choong et al., 1997) , one could hypothesize that instillation of 20 mL of the 2% lidocaine gel for at least 10 minutes prior to cystoscopy is a reasonable if not optimal combination of volume and timing. However, McFarlane et al. (2001) and Chen et al. (2005) used 20 mL lidocaine for 15 minutes and did not find significant evidence of anesthetic effect (see Table 5 ). Further, in our current study, significant treatment effect was observed with only 10 mL of the lidocaine gel applied for approximately 15 minutes. Hence, it appears that at the present time, definitive recommendations regard ing optimal gel volume and timing of instillation cannot be made.
Subjects' characteristics can also be examined as a source of variation in findings reported from different trials. Mean age of patients in Table 5 ranged from 58 to 73 years, depending on the study. In the two statistically significant comparisons in Table 5 reported previously, mean age of the subjects was 61 years (Choong et al., 1997) and 64 years (Holmes et al., 2001) , while in our current study, the mean age was 73 years. Hence, statistically significant comparisons were not predominantly based on older or younger patients, and in fact, represented essentially the same age range as the "non-significant" comparisons. Further, we found no evidence that the treatment effect was limited to older or younger patients in our current study, and similar results were reported by Choong et al. (1997) . Pain perception during cystoscopy may potentially be influenced by previous experience of the patients with this procedure, as well as the personal skills of the physician performing the examination. Indeed, some cystoscopers may be more gentle/ skilled than others, although this is difficult to quantify. Unfortunately, it is not possible to determine whether personal skills of cystoscopers differed substantially between the studies in Table 5 , and if so, to what extent these differences contributed to the observed variation in the estimated treatment effects. In contrast, the proportions of men undergoing their first cystoscopic examination differed substantially between the studies in Table 5 , although this factor could not account for differences in conclusions regarding the anesthetic benefit of intraurethral lidocaine. In particular, in the two previously reported statistically significant comparisons in Table 5 , the majority of subjects never had a cystoscopic examination in the past (65% in Choong et al., 1997; 69% in Holmes et al., 2001 ). Based on this observation, one could hypothesize that the anesthetic effect of intra-urethral lidocaine is stronger in men undergoing their first cystoscopy. However, the proportions of subjects without previous cystoscopy were also high in the trial by Chen et al. (2005) (68%) and in the trial by McFarlane et al. (2001) (100%), and neither of these tri- als demonstrated a statistically significant reduction in pain with the 2% lidocaine gel.
Further, in our current trial, where a significant effect of the 2% lidocaine gel on pain perception was observed, 98% of the subjects had cystoscopy in the past. Given all of the above considerations, it appears that male patients who are most likely to benefit from intra-urethral anesthesia cannot be identified based on age and history of previous cystoscopic examinations. Optimal volume of the lidocaine gel and duration of instillation before cystoscopy also remains uncertain despite completion of multiple randomized trials focused on these questions. The outcomes of these trials seemed to depend considerably on factors related to particular institutional settings, although specific factors could not be identified.
At our institution, 10 mL of the 2% lidocaine gel applied approximately 15 minutes prior to cystoscopy resulted in significant anesthetic effect, although it is not clear to what extent these findings can be generalized to other institutions. Given that intraurethral anesthesia is unlikely to cause harm and may potentially reduce pain, it seems reasonable to consider it as an option, even in the absence of definitive proof of the anesthetic effect consistently reproducible across institutions. Although for many patients, cystoscopy, even when done with a plain gel, does not seem to be a very painful procedure, decreasing pain in procedures that may not be very painful is highly desirable. Further, some men experience more than minimal pain during this procedure in the absence of local anesthesia. In our current study, among men randomized to lidocaine, no one reported a pain score of 5 or above, while in the plain gel group, one in five men (20.9%) reported a pain score of 5, which is a pain perception "half-way" to the worst pain imaginable (a pain score of 10).
Study Limitations
The strengths of our current study are randomized treatment assignment, triple blinding (subjects, nurses, and urologists), and full compliance with assigned intervention. The study was limited by race (almost all Caucasian), gender (all male), age (most were over 65), and cystoscopic experience of the patients (almost all had cystoscopy in the past). This study was terminated early, which is also a limitation in the sense that accrual of additional 30 subjects would result in more precise estimates of the treatment effect. However, early termination of the trial was necessitated by ethical considerations based on a clinical observation of consistently lower pain scores in the lidocaine group relative to the plain gel group. In particular, using the threshold by Aaronson et al. (2009) of less than 3 points on a scale of 0 to 10 as a definition of "less than moderate pain," it can be noted that 69% of men randomized to the lidocaine group and only 29% of men randomized to the plain gel group experienced less than moderate pain in the current study (see Table 3 ). Given a difference of this magnitude, it was decided to stop accrual and perform statistical analyses of available data. Based on our current findings, we are planning to offer the 2% lidocaine gel to all men undergoing flexible cystoscopy in our clinic.
Nursing Implications
This study was initiated after a discussion among members of our clinic staff regarding the need for the lidocaine gel prior to cystoscopy. The clinic was faced with some operational issues because lidocaine is a medication, as well as the issue of cost (e.g., lidocaine gel costs almost $10 per pre-packaged syringe versus plain gel, which costs about five cents). Our institution agreed that a study comparing the effects of lidocaine gel versus plain lubrication gel was warranted before making any institutional decisions regarding their use for patients undergoing cystoscopy.
Subjects in our study were a very homogenous group. All the men were Caucasian, most were over 65 years of age, and all had at least one previous cystoscopy. It was not our intention to enroll a homogenous group, but the population undergoing cystoscopies in our clinic typically consists of patients with bladder cancer and are almost all Caucasian, older males. Every firsttime cystoscopy patient in our clinic who was approached to participate in the study declined to participate. In each case, they were unwilling to undergo cystoscopy without lidocaine. It was also difficult to recruit patients with previous cystoscopy experience because many men may find it unacceptable to undergo the procedure without lidocaine; however, we were able to recruit 50 subjects for our study who were willing to participate. Our study participants all had the procedure done previously; thus, fear of the unknown was not a factor. However, cystoscopy may still be perceived as a very uncomfortable procedure, and in turn, may elicit a great deal of patient anxiety. Nurses implement many interventions, such as reassurance and distraction techniques. While these are useful interventions, they are not always enough. Offering lidocaine gel prior to males undergoing flexible cystoscopies is an additional measure that helps decrease the pain and make the experience less uncomfortable. While pain scores for both groups with or without lidocaine were not high (not more than 5 out of 10), there was a significant reduction of pain in the lidocaine group (see Table 5 ).
Conclusions
The primary objective of the current study was to determine whether intra-urethral lubricating gel containing 2% lidocaine resulted in lower average pain scores compared with the plain lubricating gel in men undergo-ing flexible cystoscopy. In exploratory analyses, we also aimed to determine whether the effect of the lidocaine gel on pain scores differed in magnitude according to age. We found that men randomized to receive the lidocaine gel on average reported lower pain scores than men randomized to receive the plain lubricating gel. This treatment effect did not significantly vary in magnitude according to age.
